in Coprinus kimurae AJ 8239 and Polyporellus brumalis AJ 8169.
MATERIALS AND METHODS
Organisms. Lentinus edodes (BERK.) SING. AJ 8541, Coprinus kimurae HONGO et AOKI AJ 8239, and Polyporellus brumalis (PERS. ex. FR.) KARST. AJ 8169 were used in this investigation. Strains used were isolated from fresh carpophores collected in the field. They were dicaryotic and their mating types have not been examined. Stock cultures were maintained on potato dextrose agar medium.
Culture conditions. (1) Submerged culture: Organisms were cultured in 500-m1 shaking flasks containing 50 ml of 2 % malt extract medium at 25° with shaking for 7 days. (2) Agar plate culture : Organisms were grown on cellophane membranes covering 2 % malt extract agar medium in plastic petri dishes at 25°. Cultural periods were 3 days for C. kimurae AJ 8239, and 14 days for L. edodes AJ 8541 and P. brumalis AJ 8169. (3) Carpophore formation : Dicaryotic mycelia of L. edodes AJ 8541 were grown on rice bran medium (rice bran: paper chips: water, 1: 1: 2 w f w) in deep petri dishes at 25° for 40 days under white light illumination. The temperature was then lowered to 10°, and the incubation was continued for 10 days. Dicaryotic mycelia of C. kimurae AJ 8239 were grown on the malt extract agar plate in deep petri dishes at 25° under white light illumination and in the dark at 12-hr intervals. Dicaryotic mycelia of P. brumalis AJ 8169 were grown on the malt extract agar plate in deep petri dishes at 25° for 14 days under white light illumination. The temperature was then lowered to 10°, and carpophores were formed 9 days later.
Preparation of enzyme solution. Enzyme solutions were prepared from submerged cultured mycelia, plate cultured mycelia, and carpophores formed on solid cultures. (1) Mycelia from submerged cultures: Mycelia were harvested by centrifugation (4°, 3,500 x g, 10 min), and washed three times with phosphate buffer (0.1 M, pH 6.5). The washed mycelia were frozen at -20° and stored for 24 hr. The frozen mycelia were defrosted and homogenized in the phosphate buffer with a Universal Homogenizer (Nisseiki Co., Tokyo), and then with a Potter homogenizer below 4°. The homogenate obtained was centrifuged at 0°,12,000 x g for 20 min, and the supernatant was immediately applied to a gel as the enzyme source. (2) Mycelia from agar plate culture : Mycelia were harvested by separating them from the cellophane membrane. The extraction procedure was the same as that of the mycelia from submerged cultures. (3) Carpophore : Primordia of the carpophore were collected and stored at -20° for 24 hr. They were homogenized by the above-mentioned procedure. Mature carpophore of L. edodes AJ 8541 was dissected and separated to pileus, stipe, and hymenophore (gill) with a razor blade. Each separated portion was frozen at -20°, and stored for 24 hr. It was then homogenized and extracted as described above. In C. kimurae AJ 8239 and P. brumalis AJ 8169, pileus and hymenophore were not separated but treated Comparison of Enzymes in Basidiomycetes 331
as the same portion because their carpophores were very small. Similar zymograms were found in enzyme sources prepared by different procedures such as sonic disruption, bead-mill (Dyno-Mill, Type KDL, Willy A. Bachofen, Maschienenfabrik, Switzerland), freeze-thawing under high pressure, and that used in this study, obtained from the same developmental stage of the strain. Therefore, the procedure of enzyme extraction used in this study is considered to be appropriate for the comparison of enzymes. Electrophoresis. Zymograms were obtained by polyacrylamide gel slab electrophoresis. Electrophoresis was carried out using the apparatus of Toyo Seisakusho Co., Tokyo.. Enzymes were separated on a 15 % gel slab (200 x 200 x 1 mm) using Tris-chloride buffer (pH 8.9, in gel) and Tris-glycine buffer (pH 8.3, in electrode vessels) with constant 40 mA/slab at 4° in a cooling cabinet. Bromophenol Blue (BPB) was used as a front marker. Extract of 0.2 ml (equivalent to 200 mg dry cells/ml) prepared by the above-mentioned procedure was applied to each slot of the slab.
Staining procedure. After electrophoresis, gel slabs were removed from the glass cabinet, rinsed with cold distilled water, and incubated with appropriate staining mixtures for the visualization of various enzyme activities. The staining mixtures and incubation conditions were those described by BURSTONE (5) for esterase, acid phosphatase, and tyrosinase, and those by WANG and RAPER (6) for MDH (NAD and NADP dependent), G-6-PDH, and 6-P-GDH with some modification on incubation time. Relative electrophoretic mobility (Rf values) of each band was calculated from the position of the stained bands and BPB band on the gel slab.
RESULTS

Electrophoretic patterns of esterases in morphological processes
Electrophoretic pattern of esterases found in C. kimurae AJ 8239 at different stages of development is shown in Fig. 1 , and diagrammatic illustration of esterases found in L. edodes AJ 8541, C. kimurae AJ 8239, and P. brumalis AJ 8169 at different stages of development is demonstrated in Fig. 2 . Esterase appeared in the isozyme in all the strains tested, and different esterase zymograms were found between the tissue: (a) Between pileus and stipe of mature carpophore, (b) between primordium and pileus, and (c) between aerial mycelium grown on agar plate and primordium. However, no difference was found between mycelia at a stage before primordium formation and carpophore-bearing mycelium. Almost identical pattern was observed in pileus and hymenophore of L. edodes AJ 8541. As a whole, esterase patterns were distinct among the species. Diagrammatic patterns of tyrosinase, MDH (NAD dependent), and 6-P-GDH are shown in Fig. 3 . These enzymes appeared in the isozyme, but no change in electrophoretic pattern was found at different stages of development. Only one band was observed for G-6-PDH (Rf 0.18), acid phosphatase (Rf 0.14), and MDH (NADP dependent, R f 0.16). As these six enzymes did not show a marked difference in pileus, stipe, hymenophore, and mycelium in L, edodes AJ 8541, the electrophoretic patterns of these enzymes were not examined in C. kimurae AJ 8239 and P. brumalis AJ 8169.
Comparison of electrophoretic patterns of esterase between submerged mycelium and aerial mycelium Figure 4 shows diagrammatic illustrations of esterase patterns of submerged mycelium cultured in liquid medium with shaking and aerial mycelium cultured on agar medium in L, edodes AJ 8541, C. kimurae AJ 8239, and P. brumalis AJ Fig. 1 
DISCUSSION
The results of the present investigation showed tissue-specific electrophoretic patterns of esterase in the three species of basidiomycetes, and an apparent difference in esterase zymograms was observed between mycelium and primordium. Therefore, if the time at which the zymogram changes from a vegetative mycelium type to a carpophore type is exactly determined, then that time would indicate the transition from vegetative stage to reproductive stage. Furthermore, different esterase patterns were observed between submerged mycelium cultured in liquid medium and aerial mycelium cultured on agar plate. Formation of carpophore from submerged mycelium has not been reported so far. Thus, differences of electrophoretic patterns in esterases between two kinds of mycelia in this study may indicate a correlation with the ability of carpophore formation.
Changes of various enzyme activities in developmental process of carpophore formation in some basidiomycetes have been reported. WESSELS (7) observed an increase of glucanase activity at the onset of pileus formation in Schizophillum commune. LEONARD and PHILLIPS (8) reported that phenoloxidase activity in S. commune reached a maximum as the carpophore matured. The present authors (1, 2) described the detection of enzymes in growth zones of carpophore of C. kimurae and P. brumalis in developmental processes.
UNO and ISHI-KAWA (9,10) and UNO et al. (11) reported the role of adenyl cyclase, cyc-AMP phosphodiesterase, and protein kinase in the formation of carpophore in Coprinus macrorhizus.
The role and function of the enzymes reported in this study have not solved their relationship with the developmental processes, but further research from the electrophoretic comparison of the enzymes should provide much information about the relationship between enzyme activities and morphogenesis. SHANNON et al. (4) examined taxonomic relationship among 22 strains of 9 species of the wood-rotting Polyporus by starch gel electrophoresis, and they showed a closer relationship among different strains of the same species in banding patterns than that among the strains in different species. The data in the present investigation also indicate usefulness of electrophoretic technique for enzymes as an aid to the understanding of taxonomic relationship of basidiomycetes. However, electrophoretic patterns should be compared with the same developmental stage because different patterns were observed in each of morphogenetic stages, even in the same strains. 
